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CONCLUSIONS (Abstract)

The presence ¢f tin in a solder for use on cop=
per has a very corrosive efrect, increasing with
an increase in the acidity of the electrolyte,
A tinless solder of composition Pb 78,8 - Cd 19,7 =
Zn 1.5 is far superior in every respect for use on
copper and removes all harmful effects of tin,
The presence of tin (even in\very small propore
tions) in a solder for use on iron fosters core
rosion in weakly acidiec solutions. In a strongly
acidic solution its corrosive effect lasts only
for a2 brief period at the start, In the latter
case the iron is protected but the anode, (elloy
formed on arplication of solder), corrodes rap=-
idly.
A tinless solder of composition (Pb 78.8 - Cd
19.7 - Z2n 1.5) is superior in every respect for
use on iron than on® containing tin.
The presence of tin in the coating of Terns
plate removes all advantages to be gained by
use of -tinless solder.
There is no definite correlation between the
equilibrium potentials of solders and their
possible corrosive effectse This is to be exe
pected as in a soldered joint the alloy formed

is the corrosive influence and not the pure solder,
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The failure ol soldered jeints due o an ex-
cessive and nccel:érnted corrocion of the parent
meiel at its jurciire with the solder hes made

b lumcerative an investigation into its causes, and
if ﬁossLble she develcpment of preventative meas—

aref,  whe use ¢f e omerent stedard 50-50 solder

(?~-8n) i pricticully universal, notwithstnnding

S, B an TUES0 Loy s, S v 2 B i Bl Ye ot O RS ML AV SR B £

the foes that the corrosive elffect of tin and tin

comporide upon many meinis is cowadm knowvledge

Fitr 3% 3AY A5

s Ko ety

. Larougarut the interested industries. Its effect

sk

is especinlly moried upon conper nnd iron when ex-
. posed to simple znlveni, action., The corrosion of bl

nariridee coniveinzrs a4 +he soldered jo'nts, and

4n MBI AR L 4 o

wie sheuring off of the inertis peilets on the spiral

springs of Udark I long fuzes caused by deep line-type

bt e &

currosion, are exzsllent ex~uples of ite action when

used upen 10w carovon steels.

I W NS, 3

Thus it is found that ti.e lending investigators k

TRLY

in this field hiave turned to tinless solders as the

solution to vheir problem. Alloys consisting of lead,

crdmium, zine, and bismuth have sliown promise of over-

AET3

coming this corrosive effect nnd lately there has been
eonsiderable activity in the endesvor to determine the

best composition.

- L]
L el LM TRty S i s i Bt £307 0 BRI

Fﬂvﬂ;@pﬁ:ﬂﬂm N ar elgebics WInok
4
¢
5
3
3
b
o
"
jt
A
Ef
b
.
E




1
3
7

LR 2 R

Specific 2
It is the object of the writer to: (1) Oonduct

a detailed investigetion of one solder of the follow-
ing composition o 78,8% - Cd 19.7% - Zn 1.5 to
determine its relsubility for use upon iron and copper.
(2) To ueteraine ;e position on the electromotive
series of tinless solders enl thelr relation to cor-
Tonion,

Thies paticuies solder was c’osen because in a
porellzl inveotigaiica by Mr. H. &. Carter, Watertown
Arseani, upoa the ccuporctire physical properties of
suwe frrvy-five [45) tinless solders, this one was
Tound o exhiibit the best properties of all those

S5ried, tnd tu te cuperior in vhat respect to 50-50

\PL-Sn) solder.
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o HISTORY 3.
Before entering intc a discussion of the histori-

cal background of this subject it would be well to de-

S

fine a few terms uned by the electro-chenist so as t0

avoid any misconc2uytion of tie following statements:

PRNTA LS

Tne engineer is interested in the flow of elec-
tricity cutside of whe cell and consequently considers j
e positive pole «i *the sousse feom which current

flowe. Acturt.y the current flows from the negative ]

Sk BLFED B ulan A8 IR A A ierdin 16wl Tl 22,

poLe ¢t elecirode into the electrorlyte, thence to the
nogitive pole ond wvrt., Tnesirich an the electro-chen-

is’, is ‘ntercstei only in wh~i happens within the cell, 4

PP 2o x
AT T W R TR P

2 AN e A P Lt

.- a2 is especially interested in this negative pole

mere uually retni'ic atoms become ions end migrate

- to the ::0sitive pole. This 18 tn: pole that is going

52 o s
S K E g a3 (oYY

to e courroded due to tie imonsfo-onmation of ntoms to

b o g

»
AL,

tue ionic sonte and subsequont migration. He calls

S R Ut KIS N S I et » I OCIK UMD 2 ¢ oo b e G, i Bt @ * 32 m IV
.

shis the anode. Tuus to sey *thet o particular metal or

compound is anodic to another is to imply tiaet the form-

0 g et SR el ack

er wilt sufrcr tane wmore extreme corrosion. Of course

S

the reverse vould be true if it were cathodic. This

L S e e

werminology vill be used througiout. 3

AN e

The proklem of corrosion has undoubtedly been ;

with us since the earliest times, but active investi-

getion into its causes and prevention is a product of

comparatively recent years. Probably one of the mwost

A i g ¥ Elaty oY

significant facts pertaining to corrosion--that a

neutral water tends to become alkaline during the
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process of corrosion was not discovered until 1788
by the chemist Austin. hus it is apparent tunt

the increased use of metnls, especirlly of steel as

a substitute for the non-ferrous alloys, has focussed

MIPRIPIY 3 N

Guar attention upoen the necessity of devising prevent-

:‘
ive peasures to C¢rercome the serious lossen suffered

ov industry of the wressnt /. ‘

The histyry of ccrrosica is ersentially an ex—

SYETN

Pesition of the Cirferent theories which have been

Ed o ST

edveneed a8 t0 itz cruses. Horever, in the specific

cae £tion in Liend che 2aly thnse aeces~ary t0 consider

is that wue to golvenic actioa,

ST RN ST T i

. In this field, and even further narrowing it dowvn 5
10 & cowidcration of tue work deae upon tinless solc-
©I7, ani the elfect of our common 30-50 (Pb~5n) solder

On iron end btin tasre ase n Fep outstanding leacders,

The work of Paul D. lerica, of the Bureau of Stond-

AT

18 unon the corrosive ceffecis of tin upon copper Les

veen uaLversally Acceptec, In hio invastigation ae
derlt with sinned sheet copiher, experimenta
9T vhich he

1 samples

AT v

received from tinned sheet copper roofing

actually in usce ayv the time. Amongst others he hnd

sumples from the roofing of the Library of Congress
ané the State Howse of Texas. To reproduce these

conditiong in the laboratory snd to give s clearer

»
AR S 75 A e 3 b e SR AIA

indication uf the effect and existence of elloy forma-

) tion, he prepsred laboretory sampies by heat treating

Fm,wmﬁwxmw ST SAG) AECpHRE SR
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eleotrolytic copper coated with Banca tin., He found
the presence of two alloys and the eutectic in his
homogenized samplss, He then set up electrolytic
cells composeﬂ ¢i “hese specimens and the pure copper
strip,using varying electrolytes. In all cases he
fourc the euiectic %0 be enolic to copper and there-
frre tendinzg to reltice cerrcsivon. However, the eutec-
ti2 is merely o gasclanicnl pooteciion and as soon as
this protective barrier was broke. down by scratching
¢r Cue %eC namural orrosicn the copper hegaan to fail
?apidly I west be noscd tuct in the use of electro-
lvwes his soiutioas were eséentially acidic. The two
2aderlying ailoys vere found %o be cathodic to conper
an¢. thur foster corrosivn. His iavestigationa showed
thet the tin coeting on copper cousistzd of two distinct
alloy layer. nexy 1o the covper and finanlly a layer of
the eutectic, that the alloy layers are cathodic to
2o%h the outer tin eutectic and the unlerlying cowper,
and less reacily esttacked b7 watew and dilute acids -
(also alkalies). As long as there was any presence of
vhe tin eutectic the metal was protected, but any fail-
ure in this outer layer produced rapid pitting. 7Tn his
laboratory homogenized specimens he attempted to simu-~
late this effect by dissolving the eutectic by boiling
in concentrated HO!l for a few minutes. He found that
vhen done properly, the copper corroded (or was anodic)

but that if there wns any tin present (not completely

‘E:'Ii I R . ,-
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§ C removed by the boiling) the copper was protected % j
é ' (cathodic). This investigation is of fundamental é ;
f importance as it forme a besis for comparative % ?
effects in tae field of tinless solders, inasmuch % ﬁ
I as a similar effes’t should be apparent in the alloy- % :
% ' ing of a tin solcer with copper. 2 %
é In the investiyrtion of the -1se of tinless sold- i é
ers upcn copn.r tiizre has besn s.ae very recent work % g
doue by Mr. Howard Sheaff of the research laboratories : é
| cf the ~tioant Lead Ceompany., Eis investigation has % %
conrined itseif wsinly b0 cexviratione of Lead—Cedmiunm g §
: Zinc srd Bisauth solders with which he has had some é 5
J fuccees, Fe secm: to find the best solder to be one g g
. of Leerld 385.4 - Cadwiur 14.23% - Zinc 0.238. He also % %
) states that the proportions of zinc shcull never % 3
exceec. 1%, % %
[
There has been considerehle work done along similar % :
lines by the Bureau of Sanderds anc the Copper and f :
Brans Reseorch Agsoclation cf New York but essentially f é
; it has heen a verifieation of Meric:.'!s work and more §
3 detvalled studies of the effect of tinless solders upon ; ?
: cifferent metnle. This lntter fiell is still in its L
g‘ infancy and expanding rapicly. % %
% Theory Pertaining to This Investigntion % f
. g Galvenic corrosion may be defined as rapid eor- % ;
% . :
% rosion of a netal due to its “eing in electrical 3 ;
% g contact with onother metal in the same electrolyte ?
k3 i
gh“ N and subject to corrosive gonditions. It is caused : :

> A
&wmﬂamaﬂmmzmyu,ﬂ P _Wbmum&ﬂwwmﬂwa“ﬁm Condhait,
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L . by the difference between the individual tendencies P
o3 of metals to vYe acted upon or combine with corrosive i
3 . ;]
‘ materials. With proper apparatus this difference in S
tendency of two netals t0 corrode can be measured in § z
volts. This is +h: voltage of the galvenic cell and ¢ 8
is the {riving fcrce behind galvanic corrosion. The c
rait characterirtic of tails type of corrosion is that i
p .o
or metal svilfews cilensive corrusion while the metal 5
eGjacent to it does not sufter 4~ such an extent. There :
has brer mdblished some useful ¢ria on galvanic corro- :
sion and tie folilcring gaivanic electcomotive series §
hea been @ ancod.
.. Corroded End (Anodic)
(Llrgnesiun § :
) ( Aluminum ;
(Zinc . {3
(Cecmium .
*eel 4 ?
Iron L
cLromium Irun (active) 1
Chromiur: - Hickel - Iron (active) 3
Solder £0-52 (Pb in) :
; Tin ;
: Lead :
& Mickel ]
1 Brasses )
i Bronzes \ %
Z lionel ‘ ;4
-4 Copper b
% P
s 2 4
% éHigh 18% chrome stainless alloy(passive) ; g
& Chromium Nickel Iron (passive) o
e B &
% ’ 8ilver Solder L
¥ g
‘¢ Silver f% ;
4 ’ Gold . 3 i
S Pletinunm % I
i . ' 14 3
g : g
£ Proteeted end {cathodio) P 1
e ‘B
A i s O
bsionie Bies rosn ke i o s e 2t i N T
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Connecting two metals in different groups on
the 1list results in the more anodic metal being
corroded if dippea in dilute water solutions of
selts, aclds or rlkalis. lletals grouped together

-in one grour_usuclly have no tendency to cause gal—-
vanic corronion.

Hewever, it mest be rarlized at this point that
the short circuiied nell asut up in a soldered joint
8 not compcsed of the metal and the pure solder, We
are defiing with the ¢1oy icrmaa in the soldering
process 80 this wz®le is ou int=rest only n showing
that wiwaovgh, Ior inestence, 50-50 solder is anodic
tc copper the alloy formed in a soldered joint of
copner and 52 90 solder is cesholic,

This ceries sihowe she iendency to corrode, but
actuaal galvzoric corrosion irkes place only when current
flows. To allow current to flow certain conditions are
necessary:

1) There must ve good coaducsivity, that is,
good electrical contact must be maintained hetween both
netals through the electrolyte.

38) There nmust be good contact surfaces he-
cruce oiten formation of gases on the protected surfc..,
(Hydrogen especially) and also insolub:c protective
films on either the protected (cathodic) or corroded
(anodic) surface materially impedes the progress of

corrosion.
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- 3) The surfaces must be olose together. ‘g %
) 4) A large unprotected (cathodic) area fosters g !

rapid corrosion as do small anodes. § é

i3

5) High Fliecs.-ro-Motive Forces aid the progress % %

of corrosion. i é

It is evidens that to place one's finger upon % %

the specific repcon for tle suricsive or non-corro=- % f

sive effect oI cifferen’ gelsanic couples would re- } §
qaire a very careful study. However, the measure of g

the resultant effentv of al:i the ghove factors is the é 3

ilow ¢ current. ‘he motertial i3 the Lendsacy to % 5

corrode ---the inteasity factor-~but of far more import- E ;
T =ace is she extert of corrosion, which depends upcn %

, tne quaniity of electricity that flowe, the current or é
the capucity factor. I: is intended in the performance § :
of shic invessiga=ion to (vr2i with current demsities ?
~1one aad by running a comparntive test with 50-50 (Pb- ‘ ?
3n} solder and the new tirless sc-dexr of composition ;
PH-78~8~Cd 19.7 - Zn 1.5 ‘¢ leteruine tnelr relative é

? value for use on copper anc iron, é
: The electromotive series is very useful in pre- %
% iticting the magnitude of the Electro Motive Forces : %
% set up and the anode and cathode of any combination o ; %
£ g
% metals in an electrolyte. However, it must be rememher- ; §
g ed that industry deals very considerably with alloys ; i
% ‘ rather than pure metals, In the case of an alloy which : 3
; R consists of two or more phases the equilibrium potential ; ?
g

RS
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. is usually that of the more reactive or baser phase

N e Ty St
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A2

present. If the two or more metals in the alloy are

P
T s

rutually soluble the equilibrium potential increases

3
Varontnst

continuaily witl a1 increasre iu the composition of

thz nchier wetnl. If a meisllic compound is formed,

FEEIE PRV LNy I

vnsoluhle in eitier metal, the equilibrium potential C
of :be rompouad is in Lodweee ckat of the base and

nov-e alvuy. The potentlal of any composition can, ’ ;

o slins

“orefores, e ertinmated if the ecuilibtrium potentials

of he Lo commiituents ~we knovn as well as the equi-
Tibvrivi diagran.  Tue above sgauements are taken from,
e wibliz nion ertisied. "Corrosion Theory! by Drs P. R. }
Cusiing of Watertown Arsensl. It is well to bear in

Aiad that thaece genersl mlec are truly gereral in

R A A

. natare »ud covrer only tae usuel case. Thfie are many
sazeptione too numerarle we centioa. Thae nsture <f the

¢ ecwroivte 3ffects the notential very materially; often

an alloy or metallic co.movnd which seems to prove the
e in one solution will comoledsly disprove 1% in o
another, ¥hen you consider the innumerahble number of

alloye and metallic compounds and the equally large

£

naaber orf elzctrclytes that might be chosen it is ob-

vious tint this field ans hardly been touched and thes

Rt

e
T

theories must be reserved for more complete data, Also, .

SR it kot 26 A VO e

.,‘
BT
“

ancther factor of mhajcr importance, is that some metels :

Ja5eY)

8
%

' o not seem sapable of reaching an equilibrium potential

SRSy

. in certain eleetrolyies. The reason for this is still

7 WAl WE g
q
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being studied and at the present time no satisfactory
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conclusion has been reached. In such cases a close
approximation may be hazarded by arriving at an
average value where the curve of potential against
time begins to becciie asymptotic to some potential
value. This is the best that can be done in such.
ccsaes and arplier to the particular study in hand,
sursier mention of tlis Faul will be made in the
"Discuesion of Resulis®.

Before leaving this subject there are certain
convertions regarding signs wnicl! must be mentioned.

1; Juiside thz cell prsitive electricity flows
toward tae regatvive pole; inside the cell pesitive
clectricity flows from the negative pole.

2) The 9otersial ¢f a single electrode half

celi is determined by re’erence to the N lLvdrogen

eizctrode, which is placed et the left for reference

and combined with the electrode in questions at the

right. As this iavestigotizn will be conducted using

a saturated calomel half cell, thz following is aa
example of the manner in whioh the flow would be
written:

Hg (i atmos) / #+ // Hg*(sat) / Hg = +0.246

X
direction of + electTicity
within the cell

Thus using an electrode whose potential is to be dew

termined the flow is written in the order, Electrolyte

/

tricity flows from left to right, from solution to

/ Electrode, and a positive velue means that + eleec-
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. electrode. To iliustrate: The case of 50-50 (Pb-Sn)

solder in this investigation would be written as

N

follows: (Using sasurated calomel half cell and Sea

v

T NI A S SR I

Water electzolyte)
Hg / Hgt {3at) // Sea Weter / 50-50 Solder

s s eiome Lmgamin ot —— d———r—

_ reading +

S5 T wariah 15 10,0 PRSP OILAVE Tt abn s AT d D bt o a5 LA AT e 61 (L0 Tt Lt ettt o <rm it a3 03 S

; direcsion of 4 electricity
: ¢ reading -
; The siga of an electrode gives the sign of the
charge of the electrode against the solution when ‘ f
conuected to vhe nurmal Fp electrode. Noble metals 3
. . E
arc 4+ aatt base metals -~ . 3
.. The wricer intends to use the satursted calomel ;
half cell wanoe value is 4 0.248 volts to determine :
] the equilidbrium potentia’ of copper, iron, 50-50 ]
(¥u-Sn) solder, and two tiri2ss eolders (composition
given in deseription of experiment)} using synthetic
Sec. Water as an electrolyte ~nd 10 determine any re- g
: invion between these values and their etfect on cos-
¢ rosion as set forth in the first part of this study. :
,‘; -
¥ ;
B 3
¥ .
‘é;
5
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EXPERIMENTAL PROCEDURE 13

1) Preparation of Specimens:
The following specimens were prepared; all
three inches lon2 ™y one inch wide:

No. of Specimens

50--50 (®b~sr) solder (3)

Po 78.8 - od 19.7 - Zn 1.5 (3)
g2lcer

Comwe1l ~ 5G-5J seller haat treated (2)

Copner ¢ Gecrium solder neat trested (2)

Flestrolrtiz :oppsr ctrivs (5)
Lo pbhit aunesle” 1ow caroon sceel (5)
St.el (as above) + 50-50 sclder (2)
Steel (as above) + Cadmium solder (2)
PC €0.7 -- G3 17.3 - Bi 2 solder (1)

Tie copper ssrips were of elsctrolytic copper
e were carefuliv cleares nnd saad-papered hefore
“ise, .

Teo steel used (hereafcer referred to as iron)
wis a low cnrton brighy Anne.led steel such as uzza
1i cartride coentainers, .0l3 in. shick.

The heat treated specimens were prepared by
cerefully removing any film coating, fluxing with
2nClg s and dipnirg several times in a molten solder
tath to insure a good even coating. These specimens
were then heat treated at 500°C for five hours, erch
specimen surrounded with powdered charcoal to prevent
oxldetion. They were then clesned by removing any

clinging carbon particles with fine emery paper until

o TR RO T CUTR L. o UL RIS
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.

a cleen surface was obtained. A sample was then
i cut off the hottom of each specimen for micro-
etching. These samples were then electroplated ;
with copper, nounved, polisned, etched, end a
micro-photogruph tiken,

The sotder soecimens were weighed out accord-

in. to specidicsi.ons ad melted in a porcelain

- a3 . et ok svens e AS,
e Bt h rhe irenee on B 018 Nk 2 A PRI IR e e skt v Lo RN ok vt s L et D

c.oucibie in an oxveen Tree {upproximetely) atmos-

Jacre tu prevent she formation of excessive drosse.
This war accumplisied by heasing the crucible in a
larger riliuvon cracivle the latter having a cover
sre.ough the zent2r of which a gas flame was played,
. stus usirg up modt of the availabie oxygen. The
molten rolder was then peurea into an ailuminum mold
of dim 3ions 3" x 1" x 1/8". Wnen ready for use
1less gpeciuens were brezed with & knife tc remove

any film,

ut
OO R ? SR A AT T

2) Appeiatus

7ETTTNY

Tre po.entiometer was mecuiecturea by Leeds

1a% oV

i snd Northrup and was calibruted by use of a standard

PR

veston Cell before each set of reasdings at which

Tt

there had been any appr.r¥able length of time since .

the isst readings, at least once daily. The battery

b g S

N P

used with the potentiometer was an Exide battery.

The galvanometer was of ihe suspends2d minor type., It
was firmly attached to the wall to reduce the nossi-

. bility of any vibrational effect. A special instru-

IS E SRR A0 7

ment was used in the coupling to the galvanic cells,
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When the vertical switches (see photograph figure g)
gre up the cells are shoried. The switch is pressed
down to close the circult.
All ingredienie for use in the calomel half cell
were certifisd cremiceliy pure. A better idea of the
get—-up will be obtained by the close-up photograph,

745, 1. A photcpmaph cf the entire set-up is given

dad aee

on ¥Pig. 2. 4 dizgramctis cretch of the electrical
connections is shown on Fig. 3.
T) iesrod ot Preeedure

ra milli aumeser was Iirss calibrated by the
vse of 3 staniara 10 ohms resisvsnce and the poten-
siometer. The following galvanic cells were then
preparcl by separating the two opecimens Dy a round
hard ruober insuiator cne inch in diameter. One
gauaTe incu of esch speciwdi Was exposed, the rert
heing coversd wiih parsffiiu.

Copper vs 50-30 solder

Gopuer ve Cedmium golicer

Copper vs heat treated oopper 4 Cadmium solder

Iron vs 50-50 solder

Iron ve Cadmium solder

Iron ve heat trested iron 4 50-50 soider

Iron vs heat " " n Cadmium solder

Iron vs heat trested Ternecoat 4 Cadmium solder
1t might be well at this point to explain the latter

cell. Terne coat is s low carbon steel (usually)

covered with a fine lead-tin coating, this particular

% A 5 155
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specimen was .018 inches thick. e

It was decided to use Ses Woter ss an elec-
trolyte because much of the corrosion reported,
especinlly in the case of the iron had taken place
close to the seaboard in a damp stmosphere and
these conditions could best be spproximated in this
wey. The Py of ihis electrolyte was obtained by
the dye color mechod. It wes found to be 8.25
(slishtly ecidic).

Tro hdred and fifty c.c. (250 c.c.) beakers
were wsed Lo hola tne gpecinmens, each Loving been
rinsed in aistirL’ed wrier. Une hundrea and twenty-
five c.c.'s (1235 c.c.) of Ser Water was added to

wne ewmpty beskers (each). The switch correspondirg

Lo the particular cer’ ras uepressed {+hus forming

o closed circuit) end the ce.l immersed ia ihe solu-

cion. An instaanteneous vaiuve of the current was

1ead. Readings were takea everr mimute for five
mimutes, then every five minutes for nu hour. Read-~
ings were then trken withomt any definite plan, =t-
tempting to teke st ieast one a dey until the cell
rppeared to be resciiing a point of equilihrium when

greater elapsed time was allowed. Noirtions were

made throughout the test as to change in color of

solution, formation of precipitates, »nd other per-

tinent data that might prove of interest. These
cells were covered with a larger teaker to protect

then from dust duriang the run.
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These were allowed tO0 run until an equilibrium

point had been definitely reached. Then 5 c.c. of Hol .i
wos added to each beaker to determine the effeet of a :
little stronger acidity, corresponding to a more acidic
atmosphere as might be encountered close to a large
seaport town where the fumes of factories materially
(relative only) ccidify vhe atmosphere.  The pro-
cedure was trn:n the seme as for the previous run.

In ;he determination of the equilibrium potential
the saturated calomel haif cell was used with a Kcl
bridee. This is best diagramatically shown in figure
i . The hridge was formed by an inverted U tube of
1/4" glass tubing with a vertical member fused into
the center of the horizontel member of the U. In
this way 4t wac possible to draw the solution up into
the vercieal member and : en by clamping the rubber ;
nose extension to hold the liquid there. This metnod
gave positive proof that the U tube was full as it
was possible to hold the surface of the liguid-in the
bridge well up in the veriical member. The Doriil._e.
of the U immercsed in the solution were drawn out with
a right sngle bend to about 1/16" in diameter. This
aids in preventing diffusion of the Kcl into the Sea
Water in the last beaker. The specimen used was the
seme as used in the previous portion of this investi-
gation end similarily prepared. As close t0 an in-
stantaneous value as possible was obtained {about 10

sec) using the potentiometer and galvanometer set-up
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to teke readings. Readinge were taken every five :

]

' minutes until n condition of equilibrium was ap-

proached. As previously discussed these values 3

never did resnch o point of sbsolute equilibrium i

3

but in an electrolyte as chosen this woas not ex- ;

pected. When differences between successive read- é

irgs hed diminished to the crder of magnitude of §

a few thousrndths the readings were discontinued. :

i

Yuch closer differences were obtrined than this in -

several cases, j

;
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1

S
g ) 19 ;
i Coprer 3
5y v8 ;
; 50-50 (Pb-8n) Solder ;
i + = Anode solder ;
T - = Anode oopper

¢ Electrolyte - - Sea Water

. Time Reading
5 iiiautes 14111 - Amperes

0 .586
* .201

> BN -

3 .147
10 .088
: 20 .081
G .053

0 .058

" CaM R L s S iR S A ol b e Tt S aT o s o0
Tattaoniirls oA It tan Lk At ansT EAT dlamatf LA 2N RIS o ADdatwn el Dt

; £0 .057
o A0 . .056
. Iours
5 .047
25 .033
48 .038 ]
78 .0393 1
128 .029 ;
. £00 .029 :
. Eleetrolyte --Ses Water -~ 5% Hel :
¢ winutes é
2 0 .142 :
; :
i 60 .029 ;
Hours ;
3 5 023
- g 29 .029
: 49 .029
. 78 .029
£
£ )
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Copper 20
vs
Cedmium Solder
+ = Anode solder
- = Anode copner
Electroiyie - - Sen Water

4
i
5
>
N
4 At sttt o 22 B i S ot Wi Bt et 2 AR Lttt & WA e MMG&)LG‘J",J

Tine Reeding
I'inutes Milli ~ Amperes
0 10 no
1 .33
S .17
10 .15
2V 11
20 .12
&0 13
50 .10
20 .09 :
Hours 3
3 035 ;
= . 047
21 .025
70 .05
r0l1 .085
=21 . 120
1 4.9 . 135
200 120 :
Electrolyte -- See Water - 5% Hcl 3
ainvtes ;
0 .70 3
50 .41 é
Hours §
2 .27 3
22 .29 g
41 .23 '
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’ Copper 4

Time
0
30

Minutes
0

10

80
dours

2
4
5
24
7
38
57
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Linutes

Copper 21

ve
§0-50 (Pb-8Bn) solder (hent tremted)

® Anode heat treated specimen
= Anode copper

Elentrcurte - = Seat Water

Eleci~

Reading

Milli - Amperes
o1

J'vte -— Sen Water - - &% He?

ST

{
%
£
&
3
g
4

.. e L one o e -
e o s Lo et £

SRR TR WL
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Copner 22

ve

Copper + Cadmium Solder (heat treated)

! 5 -
\; ’
Time
: Litutes
A 0
1 2
‘ G
10
20
o0
l.‘l.o
e
Fours
- ’ 4
5
Y9
103
122
137
171
195
200
i {inutes
s 0
60
g Hours
i 4
- ;} 7
26
. 45
Ao

+ = Anoda heat treated specimen

= = Anode Copper
Electrolvte - -~ Sea Wrter

Reeding
Milli Z Amperes

o 17

.138
.094
.064
.0815
L0833
.0815
.006
.003
003
.005
.003
.00i5
»000
.000

. 000
Electrolyte -~ Sea Water —- 5% Hcl

.38
054

.054
. 084
+ 081
«060

i T M Risd ke Lot 3052 AL bt VAL (2t v L,




R e o R A Mt e A B A N ’w

e

Iran 23 : E

vs :

50-50 (Pb-Sn) Solder i

+ = Anode solder i

- = Anode iron i k.

Electrolyte - ~- Sea Water é ,

Tinme Rending i3
Minutes Milll - Amperes :
0 .12 g

B L N R

20 -.0286 ;
60 -0026
Hours ;
Z -.\,“:..9 g
£1 ~.044 ; ;
] : 3 ;
; 75 -.059 P
99 -.08 :

120 -.055
123 - .040
195 -,033

200 —0032 [ F
Electrolyte -- Sea Water -- 5% Hcl o
kinutes
0 . .205

60 .38
Hours
4 .54

ooy e

NI L L PTRR AR e
T
AN ois F LI maksis,

6 .50
35 .22
44 «205
83 .05
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]
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Iron

. vs
Cadmium Solder
+ = Anode solder
- = Anode Iron
Electrolyte - -~ Sea Water
Time
Minutes

Electrolyte - - Sea Water —-—
Minutes

80
Hours

4

7

30

SEBPIS T SO O T RPN s a1 et s
.

k.

R

24

Reading
Milli - Amperes

4,54
«23
.14
.13

Cell

.07

083
.059
.056
.056

5% Hel

2.05

k\- R L g NI AR e AR WG ey ey o g e N el

PRI RS S JUE . N S AL - O T

st

S enr Zidobadh

3%y gk ks




Iron 25

V8
Iron 4 50-50 (Pb~8n)solder (heat trented)
+ = Ancde heat treated specimen
- = Anode Iron
Electro.yte -~ Sea Water

Time Reading
Minutes Milli~:42mperes .%
1 -.32 :
g -.20 )
1.0 -.17
20 -.085
30 -.085
40 ~,032
o) -.059
€0 -.055
Fours
b2 -.044
76 -.050
100 -,050
124 -.044
172 -.035 é
196 -.035 %
Elecirolyie -- Sc¢a irter —- 5% Hel i
liinutes t
i 0 -1.06 E
60 ~.035 ;

28 2 PAEPO MR ers e
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Iron 26
vs
IrontCadmium solder (heat trerted)
+ = Anode heat trented specimen
- = Anode Iron

Electrolyte -- Sen Water

Time Reading

kinutes Hi11i - Amperes
0 4,5
1 .47
5 .15
10 .06

Tours
20 .009
e . 009
o3 -.003
50 -,003

Biectrolyte -- Ben Water -- 5% Hcl
inutes

0 4+ off scale
1 3.3
10 2.0
60 .24

Hours
20 .17
200 .027

o ——

= Anale T o s T S N5
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Iron 27
v8

Terne Plate + Cadmium solder (heat treated)

t = Anode hest treated specimen
- = Anode Iron ,
Eleotrolyte -~ Sean Water - :
Time Reading %
Linutes 1ilii - Amperes !
U "012 "

1 "‘014
5 "'0108 é
10 -.094
20 ~.08 .
30 -,0823 .
40 ~.062 2
50 -.062 5 3
80 -.059
Hours 3
b2 ~.055 :
76 ~.085 e
100 -.071 R
121 ~.047 2 !
145 .035 | 3
§oy
169 .055 ;
: i
193 .033 ‘
Electrolyte -- Ses Water - 5% Hcl 3
Hinutes 3
0 off scale %
Hours §
4 ~-,059 :
6 ~.059 .
- i

. 85 “0015 ; é
| 44 .053 k
i " 63 .0569 E
; : 183 .035
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Measurement of Equilibrium Potentials :
o SBaturated Calomel Half Cell = Electrolyte Sea Water }
50-50 (Pb-Sn) Solder :
Time-Minutes Readiiig-Volts Difference ':
0 -, 58750 - : %
5 e 51334 -, 01416 .
4
10 s 50905 -.00429 §
15 -, 50640 -, 00365 i
20 -, 50295 -, 00845 :
. 25 -+ 50120 -400175 ;
221 -, 49700 «. 00420 1
: Solder = (Pb 78.8 - Cd 19,7 = Zn 1,5) i
0 -a 75232 - i
5 = 74514 «e00718
10 -, 74181 00333 ]
23 = 72722 -, 01459 P
} 30 -s 72076 400646 ;o
g 40 ~+71470 -, 00606 .
‘ 60 -+71000 -, 00470 -
: 2
3 :
E
;:g,
g
i
:
g
5
,u‘.;wv“ _
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Time Minutes

o

S
10
15
20
25
60

10
15
20
30

10
15
20
30

e

Solder - (Pb 80,7 = Cd 17,3 - Bi 2)

-, 72477
e 71756
- 71842
-, 71372
-, 71276
s 71351
-, 71832

Bright Annealed Low Carbon Steel

-,56873
-, 59740
=,60648
-,61214
-,61624
-,617882
Electrolytic Copper Strip
s 20694
~e19141
~,18918
-,18830
-418731
=¢18661

o A | TR R, P P g 3 e AN i 9 e

Reading Volts

29

Difference

-,00721
-,00514
+,00130
«,00096
+.00078
-,00119

-o

+.02867
+000908
+ 00566
4400410
4400158

«,01553
~,00223
=+00088
400099
«+00070
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RESULIS
Tables I to IX inclusive (attached as appendix)
tabuleted data cf gelvanic cells,

L Graphs number I to IX inclusive = graphical

representaticn of ahove data,

Table X - tabulated data of equilibrium pecten- g
tiale. ‘

QI8GUSSION OF RESULIS
1. Copper against 50-50 (Pb-Sn) solder (graph £y
#1). The solder was anodic to the ocpper in both the

S
- ATV SN

= plain Sea Water and acidified solution, An equilibrium i
‘ value of ,029 milli-amperes per square inoch was reacned ﬁ ?
" in both electrolytes; in the case of the Sea Water an % .
elapsed time of 24 hours was required while with the é 3

addition of HCl the value was reached in one hour,

kil

Attention is particularly celled to the fact that the

solder was anodic throughout; because it will be later

Seter Wi dindudialV, Kntiud

shown that this is not the case in a soldered Jjoint of

; these two materials. In other words this test is

practically valueless in attempting to predict the ac-
tion of a solder upon a metal because in the latter

case we are interested only in the alloy formed, A 5

blue precipitate was formed in the Sea Water which was

. dissolved upon the addition of HCl,
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2, Copper against solder (F°. 78,8 = Cd 19,7 =
Zn 1.5)(Graph #2).

There is ncthing of particular interest dis-
played here. Once again the solder is anodic in
both elecirolytes; maintaining a higher value in
the more acidic solution. The solution was clear
throughout.

3. Copper against Copper + 50-50 solder (heat
treated)(Graph #3).

This cell is of particular interest in that it
shows Lhe effect of alloy formation and the impossi-
bility of correlating such action with the results
obtained with the piain solder, (Graph #1). Here,
in the weakly acidic Sea Water (Pp 6.25), the copper
was cathodic for one hour and there was sharply
attacked, gradually falling off to reach an equilibe
rius value in about 40 hours. However, in the acidi-
fied solution the copper was anodic at all times and
its rate of corrosion as shown by the current density
was much higher, This test implies that a soldered
Jjoint of this composition would be expected to fail
much more rapidly with an increasing acidic content
of the atmosphere., This test was performed to form

a basis for a comparative study of the effects of a

tinless solder under identical conditions, Incie
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dentally the resultis closely corroborated the work ¢

of Paul D, Merioca upon tin coated copper roofing in

similar solutions, A great deal of difficulty was

experienced in removing the top layer of unchanged

LPRT I WAV SV ENE LIS

solder and probably small proportions of the eutece
tic (Cu-Sn). This must be done in order to deter
mine the properties of the underlying elloy layers which

are the true corrosive agents., The previous work

[T R P S S—
v ~ Th -

of Dr, Merica was invaluable in solving this difficulty,

because he experienced the same trouble. The

e R WLITE TE XSSP PIVEVINP 2L S S

presence of tin will always make the copper ocathodic é
and thus obscure the true conditions, Boiling in L
hot HCl removed this outer layer and gave the values
‘v obtained. A photo-micrograph (page ) clearly shows
the alloy formation. The solutions became a deep blue,

4. Copper against Copper + Cadmium solder (heat

LTS PP EC - WO

treated)(Graph #4).

The action of this cell shows the markedly su-
perior properties of this tinless solder over the
50-50 (Pb-Sn) solder. The heat treated specimen was %
anodic throughout the test in both electrolytes., In
the case of the Sea Water it renched a value of zero
in about 170 hours and remained there, which is a %

very desirable property. The results of this labora-

tory test indicate that the copper would be protected

PR & N
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at all times and a point would be reached at which
theoretically galvanic corrosion would cease, Of
course no such sublime propeirties are claimed, but

its superiority over tin solder is conclusively proven,
A photo-miorograph (page ) shows the alloy formation.
The solution turned a deep blue.

Se Iron against 50-50 (Pb-Sn} solder (Graph #5).

In this cell the iron was cathodic for one min-
ute and anodic for the rest of the test in the Sea
Water electrolyte, In the more acidic solution it
was cathodic throughout. A heavy rust precipitate
was formed in the Sea Water, which later upon the -
addition of HCl was partially dissolved, leaving the
solution a light yellow,

6. Iron ageinst Caldmium solder (Graph #6),

In this case the iron was protected throughout
the test (cathodic) in both solutions, with a higher
value in the more acidioc electrolytes The solution
was clear at all times,

7. Iron against Iron + 50-50 (Pb-Sn) solder
heat treated, (Graph #7),

In Sea Water the iron was anodic for the dura-
tion of the test, (200 hours), A heavy rust precie
pitate formed on the iron anode and settled on the

bottom of the :Deaker., The addition of HC1l to the

3
o
P
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electrolyte caused the solution to clear up con-
siderably to a light yellow, and the iron to become
cathedic in about three hours., Attention is parti-
cularly called to the time element in this reversal
of polarity (in the more acidic solution) and the
value of about .14 milli-amperes per square inch
density at the end of the run. It is evident once
again by a comparison of this cell with that of the
iron against the plain solder that the action of
the solder alone is no coriteria of the results to
be expected from the alloy formed in the actual
soldered joint. A photo-micrograph (page ) shows
the presence of alloy formation.

8, Iron against Iron + Cd. solder (heat
treated)(Graph #8).

In 8ea Water the iron was cathodic for 41 hours
and then became anodic. This latter reversal was
marked by the appearance of an appreciable rust pre-
cipitate, Thus although this solder doces not pro-
tect the iron indefinitely, it is better than the
tin solder which afforded no protection at all., 1In
the acidified solution the iron was cathodic reach-
ing a value of ,026 milli-amperes per square inoch in
200 hrs, At this point a comparison of results with
those of the previous cell shows a much slower core

rosive rate and equal proteoction afforded by this

»
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. Cadmium solder on iron. A weakly acidic solution

seems to foster corrosion in both cases, but the

A SR NS M AR S Y e AV nSh £ 300 SRR D scr i el

Cadmium solder withstands this effect for some

RRRTIVCRR

time. A photo-micrograph is included (page ).
9. Iron against Terne plate + Cd., solder
(heat treated)(Graph #9).

Na x e e En m

This cell is remarkably similar to that of
iron against iron + 50-50 solder (heat treated) cell #8. 1

1k S

It actes in the same way, the iron being anodic in the
Sea Water and reversing itself, becoming cathodic

with the addition of HCl. The presence of even 2

e 3 &
il a s Gl

very small percentage of tin evidently has a very L.
corrosive effect in a slightly acidic solution. ]
In the more acidic solutions it reverses itself

after about 27 hours (considerably longer than in the

case of aforementioned cell #8), and reaches an
equilibrium value of about ,055 milli-amperes, Thus,
there seems to be little to be gained by the use

of this tinless solder upon such a material, i,e., one
containing a coating in which tin is preseat, There
seems little doudbt that the presence of very small ;

proportions of tin materially accelerates ocorrosion

in the case of iron,

& rallinh Y 3t

A
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10, Potential determinations,
Determination of the equilibrium potential re-
ferred to the hydrogen scale was conducted for cope
per iron, 50-50 (Pb-Sn) solder, and two tinless
solders of composition, (Pb 78,8 - Cd 19,7 - Zn 1.5);

(Pb 80,7 - Cd 17.3 - Bl 2). As previously discussed

these values are not actually equilibrium values, be-

cause no such point was reached, but they are a true

TN R T R R 5 -

indication of the relative magnitude of the absolute {
potentials of these materials with electrolyte chosen.
Inasmuch as the object of these determinations was to

attempt to correlate and predict the corrosive effects

of these solders, a relative value is sufficient, It

] ) 18 not intended to convey the impression that these

figures are inaccurate but sigply that they are only

reliable to the extent of 4,005 volts. The potentials

were continually falling and the value stated hereafter
was taken when the fall was negligible in the time in- :
terval observed. A table of values obtained is in-
cluded (page ).

There is no indication that these values could

be used in any way to predict corrosive effects,

WL 22 hat

g Once again it must be noted that in the corrosion of i

soldered joints it is the alloy layer formed which is

Litaden

of interest and not the unaffected solder,

4 R
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However it is interesting to note that if the

material tested be arranged in s series as follows

ity

with the basest materials at the top, it is possible ;
to predict the corrosive effect in Sea Water or weake

ly acidic solutions:-

CLINRRSPET SPFRPPE T LT TRW P P

Corroded End (Anodic) or base metals Potential

Solder Pb 80,7 - Cd 17,3 - Bi 8 -, 46632 '
Solder Pb 78.8 - Cd 19,7 = Zn 1.5 =,46400 :
Iron - 37182 i g
Solder Pb 50 - Sn 50 =4 25100 :
Copper +405939 {7

Protected End (Bathodic) or noble metals ]

Connecting any two metals in the list with each f ]
A other will cause the one higher on the list to cor- Q?
rode, (become anodic)e. Referring to the graphical 3?
representation of the four gelvanic c¢ells in which { 3
the solder was used as one pole, it is also evident '
that the further these two materials are apart on 3
this 1list the greater the magnitude of the corrosive
effect, (i.e. the current density)s This relation
immediately suggests the possibility that if the
equilibrium poteatial of the alloy or alloys formed

in a soldered Jjoint could be determined, some very
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valueble information might be obtained. This fisld

' offers some very interesting possibilities for fur-
ther research,

Before léaving this discussion it might be well

to explain the method of arriving at the esquilibrium

t
t
i
{
}
3
!
2
]
P PN T g 2 S TR TN AR D R T W TR SR S U =

potential values given previously, because they are
not the same as the observed values given in the

tatle followings. This is because the value desired

P

is the potential refsrred to the hydrogen scale, and

the readings obtained were those referred to the

EENRUF F i S

saturated calomel half cell. Inasmuch as the poten-

R

BB it s e ne sl
RS

tial of this cell is 4,246 volts and all readings ;
were minus the true equilibrium value of the speci- 5

M mens examined (referred to hydrogen) is the vector

PO T

FASEES s T T a Mes® ¥

sum of these two quantities., This can be best

ey

o

illustrated by taking copper as an example.

wi' // ug* /ng Hg/ Hg'// Sea Water/Cu o
> —

+0246 -.18661

resultant
++05939

N~
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Cu + 50-50 (Pb~-Sn) solder (heat treated)

Magnification:
Etching Reagent:

Remarkes:

Magnification:
Etching Reagent:

Remarks:

300X

Unetched

Evidence of two alloys
as shown by bright areas
around unaffected solder
(black) and light gray.
Copper visible in lowgr

left hand corner. :

1000X

(PeClsy - HC1l - CHzOH)
Copper at bottom., Alloy
layers plainly visible,
Block is solder which has

been overetched and dis-

solved.,
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Cu + Solder (Pb 78,8 - Cd 19.7 ~ 2n 1.5)heat treated

Magnification: 500X

Etching Reagent: (FeCl, - HCl - CH,0H) ..

3

Remarks: Copper at bottom, un-
- 0.
affected solder at top, -

S A Lo SR AN e il

alloy layer between,
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s

Steel + 50-50 (Pb-Sn) solder, heat treated ;

& 52 bk S AR B S0 B

Magnification: 1000X

Etching Reagent: 2f Nital :
Remarks: Steel at top of pic- 3

ture. Note evidence

of at least two alloy 3

layers,
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Steel + Solder (Pb 78.8 - Cd 19,7 - 2n 1,5) heat

treated.

Magnification:
Etching Reagent:

Remarks:

1000X

24 Nital

Structure of solder

clearly defined, but
very little evidence
of alloy formation,

Steel on the left «

golder - copper

electroplate,
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CONCLUSIONS

Arrengement of the materials tested in an elec~
tromotive series determined by their equilibrium
potentiale, will afford a ﬁeans of predicting the
direction of .flow of current, (of more interest,
the anode), where any two are electrically con-

nected in a neutral or weakly acidic solution.,

Copper is cathodic to 50-50 (Pb-Sn) solder in

Sea Water and Bea Water - 5¢ HCl solutions.

Copper is in general enodic to the alloy formed

on soldering with 50-50 (Pb-Sn) solder in both
above mentioned solutions,

Copper is cathodic to (Pb 78,8 - Cd 19,7 - Zn 1,5)
solder in both solutions,

Copper is cathodic to the alloy formed on solder~
ing with this tinless solder in both solutions,
The presence of tin in a solder for use on copper
hae a very corrosive effect which is accelerated
by the greater the acidity of the electrolyte,

A solder of composition (Pb 78,8 - Cd 19,7 - Zn 1,5)
protects the copper in both weakly and strongly
ecldic solutions. 1In the former case it seems es-
pecially valuable in that here the flow of current
approaches zero.,

Iron is anodic to 50-50 (FPb-Sn) solder in Sea
Water and cathodic in Sea Water - 5¢ HC1,
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Conclusions (conttd)

o s ER A e

Iron is cathodic to (Pb 78,8 -~ C4 19,7 - 2n 1,5)
solder in both solutions,

10, Iron is anodic to the elloy formed on soldering

B A R e B ad

with 50-50 (Pb-Sn) solder in Sea Wator electro-
lyte, and cathodic (after 3 hrs,) in Sea Water -
54 HC1l solution.

A KRS e e 0 BB s

11, Iron is cathodic for 41 hrs. to_fbe alloy formed

ot heah

on soldering with the tinless solder in a solu-

ST S en A

tion of Sea Water, and then becomes anodic., In

Sea Water - 54 HC1l iron is cathodic throughout.

B Bt ey

12, The presence of tin in a solder for use on iron

has a very corrosive effect in a weak acid solu-

E
3
4
§
3

tion. In a strongly acidic solution the iron
: is protected after 3 hours but the current &en-

sity becomes very high causing rapid corrosion

of the anode. ,
13, A solder of composition (Pb 78,8 - Cd 19.7 - Zn 1,5) E
is far superior to the standard 50-50 tin solder

for use on iron protecting the iron for 41 hours
in a Sea Water solution (weakly acidic, Ph 6,25)
and then becoming only slightly corrosive; while
in a strongly acidic solution the iron is pro-

tected throughout, reaching a much smaller cur-

rent density than ie shown with the tin solder,




14,

15.

Conclusions (cont'd)

The presence of tin in the coating of the

Terne plate destroys the value claimed for the
use of the above Cadmium solder on iron. Even
tin in such a small proportion has very harmful
effects,

No définite correlation between the equilibrium
potential of these solders and their corrosive
effects can be determinsd, This is because in
a soldered Jjoint our corrosive influence is the

alloy formed and not the solder,
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